Abstract Introduction: Frailty in elderly trauma populations has been correlated with an increased risk of morbidity and mortality. The Score for Trauma Triage in the Geriatric and Middle-Aged (STTGMA) is a validated mortality risk score that evaluates 4 major physiologic criteria: age, comorbidities, vital signs, and anatomic injuries. The aim of this study was to investigate whether the addition of additional frailty variables to the STTGMA tool would improve risk stratification of a middle-aged and elderly trauma population. Methods: A total of 1486 patients aged 55 years and older who met the American College of Surgeons Tier 1 to 3 criteria and/or who had orthopedic or neurosurgical traumatic consultations in the emergency department between September 2014 and September 2016 were included. The STTGMA ORIGINAL and STTGMA FRAILTY scores were calculated. Additional "frailty variables" included preinjury assistive device use (disability), independent ambulatory status (functional independence), and albumin level (nutrition). The ability of the STTGMA ORIGINAL and the STTGMA FRAILTY models to predict inpatient mortality was compared using area under the receiver operating characteristic curves (AUROCs). Results: There were 23 high-energy inpatient mortalities (4.7%) and 20 low-energy inpatient mortalities (2.0%). When the STTGMA ORIGINAL model was used, the AUROC in the high-energy and low-energy cohorts was 0.926 and 0.896, respectively. The AUROC for STTGMA FRAILTY for the high-energy and low-energy cohorts was 0.905 and 0.937, respectively. There was no significant difference in predictive capacity for inpatient mortality between STTGMA ORIGINAL and STTGMA FRAILTY for both the high-energy and low-energy cohorts. Conclusion: The original STTGMA tool accounts for important frailty factors including cognition and general health status. These variables combined with other major physiologic variables such as age and anatomic injuries appear to be sufficient to adequately and accurately quantify inpatient mortality risk. The addition of other common frailty factors that account for does not enhance the STTGMA tool's predictive capabilities.
Introduction
With an aging population, patients aged 65 years and older increasingly comprise the number of annual trauma admissions and mortalities. 1 This group is the fastest growing segment of the US population, and its members are enjoying a much more active and independent lifestyle than their predecessors. This increase in longevity and activity has resulted in a greater incidence of traumatic injury. 2 National mortality rates reflect these changes as trauma has risen to the seventh leading cause of death among those aged 65 years and older.
As the trauma population increases in age, these patients are more likely to be characterized as frail. Numerous studies have characterized the association between frailty and morbidity and mortality in the geriatric trauma cohort. [3] [4] [5] [6] Frailty has been defined as a clinical syndrome resulting in decreased physiologic reserve and increased susceptibility to disability in the presence of stressors such as illness or trauma. 7 Although frailty has been shown to be important in the prediction of outcomes in geriatric trauma patients, 3 there is no consensus on the best clinical assessment tool to measure frailty. 1 A recent systematic review identified 32 unique frailty assessment tools. 8 Only 4 tools were deemed objective and feasible, none of which have been validated in the trauma population (Electronic Frailty Model, 9 the Fall History, 10 the Patel Modified Frailty Index, 11 and the National Surgical Quality Improvement Program Frailty Index). 12 Given the increase in geriatric trauma, there is a demonstrated need to identify older trauma patients at high risk of morbidity, mortality, and increased resource usage. This group previously demonstrated the predictive ability of patient age, injury severity, level of arousal upon presentation, and comorbidity to detect mortality risk via the Score for Trauma Triage in the Geriatric and Middle-Aged (STTGMA) in a single-level 1 trauma center and subsequently validated the STTGMA tool within the National Trauma Databank (>100 000 patients). 13 While it includes frailty factors such as cognition and general health status, it does not include other important frailty factors such as disability, functional independence, or nutritional status. In light of developing literature demonstrating the importance of frailty in the mortality of middle-aged and geriatric trauma patients, we sought to evaluate whether adding these additional frailty variables to the STTGMA score would improve risk stratification of the elderly trauma population.
Methods
In this institutional review board-approved protocol, all patients aged 55 years and older evaluated by orthopedic surgery or trauma surgery within the emergency department for nonpenetrating trauma at an urban level 1 trauma center between October 1, 2014, and September 30, 2016, were prospectively followed. This included but was not limited to all tier 1, 2, and 3 trauma activations as defined by the American College of Surgeons guidelines.
14 A total of 1486 consecutive patients met all inclusion criteria. Study variables were obtained by the consulting resident physician at the time of initial patient evaluation and recorded within the medical record. Participating surgical residents were formally educated regarding data collection using an online education module. An Internet-based calculator specifically designed for STTGMA was used to calculate a low-energy STTGMA score (STTGMA LE-ORIGINAL ) and a high-energy STTGMA score (STTGMA HE-ORIGINAL ). Study variables included patient age; Glasgow coma scale (GCS) upon initial evaluation; mechanism of injury; Abbreviated Injury Severity (AIS) subscores for the head and neck (AIS-HN), chest (AIS-CHS), and pelvis and extremity body regions (AIS-EXT); and Charlson comorbidity index score (CCI). Mechanism of injury was dichotomized into low-and high-energy mechanisms. Low-energy mechanism of injury included all ground-level falls less than or equal to 2 stairs. High-energy mechanism of injury included all falls from height (>2 stairs), motor vehicle crashes, motorcycle crashes, and pedestrians struck by vehicles.
Additional variables not routinely collected in trauma registries were also collected. Preinjury functional status was assessed by patient-or family-reported ambulatory status. Patients able to ambulate outside of the home for any period of time without assistance from another person were identified as community ambulators. Patients able to ambulate within the home for any period of time without assistance from another individual were identified as household ambulators. Patients who relied upon another individual for all transfers and ambulation were identified as nonambulatory. Serum albumin was recorded at the time of initial patient evaluation and was used as a surrogate for long-term nutritional status. Use of a gait assistive device was recorded for any patient who reported use of a cane, walker, crutch, or wheelchair for any period of time inside or outside of the home. Preinjury anticoagulation status was also assessed and was defined as any patient presenting to the emergency department currently taking any of the following medications: antiplatelet medications, heparin derivatives, vitamin K antagonists, antifactor Xa inhibitors, and direct thrombin inhibitors. The primary study outcome of inpatient mortality was obtained from the medical record by designated research staff.
Statistical Analyses
All statistical analyses were performed using SPSS software version 22. Descriptive analyses of patients' characteristics and outcome measures' summary were first obtained via means (standard deviation [SD]) for continuous variables and n (%) for categorical variables. The predictive capacity of the STTGMA HE-ORIGINAL and STTGMA LE-ORIGINAL scores was tested first. The predictive capacity of the model was quantified by calculating the area under the receiver operating characteristic curve (AUROC). The AUROC is a summary measure of the predictive ability of the model, with values between 0.90 and 1 indicating excellent predictive discrimination. An AUC <0.75 was regarded as noncontributory. The AUC values are reported with 95% confidence interval (CI).
To improve upon the original STTGMA model, a backward stepwise logistic regression analysis was used to develop the STTGMA HE-FRAILTY and STTGMA LE-FRAILTY . All originally identified study variables (age, AIS subscores, GCS score, and CCI) and additional variables (preinjury ambulatory capacity, assistive device use, albumin level, and anticoagulation status) were considered as initial candidates to model their relationship to mortality status. Multivariate logistic regression models using a backward stepwise variable selection approach were then performed to identify a new prediction model. All of the variables included in the original STTGMA score were included in the final model. For the additional variables, we used an initial significance threshold of P < .20 for inclusion in the model, while the final model included only independent predictors of inhospital mortality with significance level of P < .05. The predictive capacity of the final model was quantified by calculating the AUROC. We compared the AUROC of STTGMA ORIGINAL with STTGMA FRAILTY to determine whether there was a difference in predictive capacity for inpatient mortality. To demonstrate the clinical difference between STTGMA ORIGINAL and STTGMA FRAILTY , we chose an arbitrary STTGMA score cutoff of 3% to assess ability of the score to predict inpatient mortality.
Results
A total of 1486 patients met the inclusion criteria. Of which 492 (33.1%) patients met criteria for inclusion within the highenergy mechanism of injury cohort and 994 (66.9%) patients met criteria for inclusion within the low-energy mechanism of injury group. The average patient age at initial presentation was 72.2 (11.8) years. Baseline study characteristics of the highenergy and low-energy groups are summarized within Table 1 . There were 23 high-energy inpatient mortalities (4.7% mortality rate) and 20 low-energy inpatient mortalities (2.0% mortality rate). The injury distribution of the cohort is shown in Table  2 . Application of the STTGMA HE-ORIGINAL mortality risk model prospectively in our patient population produced an AUC of 0.926 (95% CI: 0.875-0.978, P < .001). The STTGMA LE-ORIGINAL risk model produced an AUC of 0.896 (95% CI: 0.827-0.965, P < .001).
Both STTGMA HE-FRAILTY and STTGMA LE-FRAILTY were generated to evaluate the effect of the newly collected patient variables on mortality prediction. Backward stepwise selection produced a final study cohort-specific prediction model including the following variables for the high-energy group: age; GCS score; AIS subscore for the head and neck, chest, and pelvis and extremity regions; and albumin (Table 3 ). The AUC of this model was found to be 0.905 (95% CI: 0.862-0.949, P < .001). This AUROC was not significantly different from the AUROCs produced from the STTGMA HE-ORIGINAL model (P ¼ .710). The ROC curves for the 2 high-energy models are shown in Figure 1 . In the low-energy mechanism of injury cohort, backward stepwise regression produced a final study cohort-specific model including the following variables: age; GCS score; AIS subscore of the head and neck and chest regions; CCI score; and ambulatory status ( Table 4 ). The AUC of this model was 0.937 (95% CI: 0.888-0.985, P < .001). While this STTGMA LE-FRAILTY model produced a greater AUROC, the difference between this and that of the STTGMA LE-ORIGINAL was not significant (P ¼ .580). The ROC curves for the low-energy scores are shown in Figure 2 . Of the 23 index hospitalization deaths observed in the highenergy cohort, 20 had a STTGMA HE-ORIGINAL scores of >3%. Using the STTGMA HE-FRAILTY scores, 1 additional patient death would have been identified using the same threshold of 3%. Of the 20 index hospitalization deaths observed in the lowenergy cohort, 15 had a >3% STTGMA LE-ORIGINAL . Using the STTGMA LE-FRAILTY scores, 2 additional patients would have been identified using the same threshold of 3%.
Discussion
The STTGMA ORIGINAL accounts for important frailty factors including cognitional and general health status. These variables combined with other major physiologic variables such as age and anatomic injuries appear to be sufficient to adequately and accurately quantify inpatient mortality risk. When additional common frailty factors that account for disability, independent functional ability, and nutritional status were included in the model (STTGMA FRAILTY ), several were significant predictors of mortality as shown in Tables 3 and 4 . However, the addition of these additional frailty factors does not appear to increase the predictive ability of the model.
Although there is increasing evidence linking frailty to outcomes in trauma patients, quantifying frailty particularly in the trauma setting has proven difficult. The only current clinical tool designed to quantify frailty in the trauma setting is the Trauma-Specific Frailty Index, which is composed of 15 variables including comorbidities, medications, daily activities, health attitude, sexual activity, and nutrition. 15 While the purpose of this study was not to design a new clinical tool to measure frailty, the study did seek to determine which "frailty variables" were important in predicting inpatient mortality in middle-aged and geriatric patients. With the growth of electronic medical records, in the future, additional "frailty variables" may be readily available at the time of presentation. Currently, these measures remain lengthy, labor intensive, and are limited by a patient's ability to provide this information. By utilizing easily collected factors such as ambulatory status and albumin, we aimed to characterize the patient's functional capacity and health status in a quick and reliable manner within the context of a busy trauma setting. These 2 physiologic characteristics correlate with how "frail" the patient is prior to injury. This study also demonstrates the ability of the STTGMA tool to be used prospectively to predict inpatient mortality. Previously, the STTGMA tool was validated in a retrospective fashion using the National Trauma Databank, similar to other mortality risk tools. 13 To our knowledge, no group has tested a mortality risk model using data collected in real time. We expected the model's performance to decline using data collected at the time of initial patient presentation; however, the model retained its strong ability to predict inpatient mortality. This demonstrates that resident physicians were able to collect the data needed to calculate a risk score and record the data with adequate fidelity; therefore, the STTGMA tool can be used in real time for clinical decision support.
The STTGMA tool demonstrates ease of variable collection, objectivity in measurement, ease of calculation, portability among settings, and reproducibility. This tool has demonstrated greater predictive ability than other tools within the literature. Bouzat et al reported an AUROC of 0.93 for the Triage-Revised Trauma Score (T-RTS) score and 0.86 for the Trauma Revised Injury Severity Score (TRISS). 16 Note, however, that this study as well as all previous studies evaluating the utility of mortality risk scores have combined low-and high-energy trauma which falsely skews the predictive capacity for low-energy trauma. 17 The STTGMA tool is unique because it distinguishes between these 2 vastly different mechanisms of injury.
With the advent of large centralized databases, greater emphasis has been placed upon prediction tools to help inform clinician decision-making. Tools such as the Acute Physiology and Chronic Health Evaluation II (APACHE II) have helped clinicians and researchers alike learn to better care for patients. The need for refined care pathways in geriatric trauma care has been well established. 1, 18 It is the hope that new prediction tools such as the STTGMA score can better identify areas of geriatric care where high-value care can be instituted. Because the STTGMA tool provides a "sickness profile" of the patient that includes comorbidity and injury status, it could allow for triaging of low-risk patients into specific high-value care pathways that standardize and minimize variation in care. Higher risk patients could be triaged into high-value pathways that include early palliative care consultations and goals of care discussions. In addition, these patients may need to be triaged to higher levels of care within the hospital (eg, intensive care unit or step-down unit) or triaged to higher acuity hospitals that can manage these high-risk patients. Other groups have created mortality prediction scores for this geriatric population; however, the STTGMA score is unique in that it allows for mortality prediction at presentation. 19 Furthermore, to our knowledge, no such score incorporates a patient's frailty level, which as highlighted above, plays a significant role in the outcomes of geriatric trauma patients. Finally, this study has confirmed that previously untrained medical providers can generate this score, something no other similar tool has demonstrated. This project was limited by its sample size. Although there was a large number of patients in our data set as a whole, due to the low incidence of death during the index hospitalization in trauma patients, the number of deaths observed in the population was low. In addition, our sample size was relatively healthy reflected by a low mean CCI score. However, the low CCI score observed in this patient cohort may be artificially low especially in the high-energy trauma population or in those patients with dementia as the complete medical history of these patients is often not available at the time of admission. The measures used to quantify a patient's injury severity, comorbid conditions, and functional status are imperfect and can be susceptible to the limitations of subjectivity. We sought to limit this subjectivity with a standardized online STTGMA training tool that every resident administering the STTGMA score was required to complete. Future study is needed to assess the ability of the risk score to predict long-term outcomes. As most geriatric trauma patients will survive index hospitalization, information regarding their extended mortality risk and return to baseline function will prove useful. With studies demonstrating that frailty is important not only in predicting mortality but also in determining postinjury functional recovery, further analysis is necessary to determine whether the additional frailty variables used in the STTGMA FRAILTY score improve the tool's ability to predict functional outcomes compared to the STTGMA ORIGINAL score. 5 Further study is also warranted to characterize the impact integration of this scoring system into the medical record could have on early intervention in the patient care pathway.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article.
